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Abstract 
Water and ethanol vapour adsorption measurements were used to estimate the contribution from calcite and clay 
(kaolinite) on the adsorption behaviour of outcrop chalk. Both sets of measurements indicate that adsorption 
isotherms of chalk can be closely mimicked by a linear combination of clay and calcite adsorption isotherms. The 
values of the isosteric heat of adsorption for all investigated surfaces were determined in the temperature range 273 – 
293 K. Pure calcite adsorbs water and ethanol vapour with energies typical of chemisorption, while chalk and 
kaolinite show adsorption energies more typical for physisorption and form multilayers of adsorbed water and ethanol 
on their surfaces.  
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1. Introduction 
Previously, it has been demonstrated that thin lamellae of clay are present on the surfaces of chalk 
particles [1]. With combined atomic force microscopy (AFM) and chemical force mapping, it has also 
been shown [2] that the hydrophobicity of chalk, determined by inverse gas chromatography 
measurements, is not correlated spatially with the calcite of the coccolith elements but rather with 
nanometre scale, authigenic clay crystals that decorate the surfaces of the coccoliths. Thus, calcite is not 
the only mineral responsible for wettability changes in chalk when hydrocarbons are introduced. In the 
present work, our aim is to separate the adsorption properties of chalk into contributions from pure calcite 
and clay. 
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2. Experimental 
2.1. Materials 
We examined outcrop chalk (samples from Aalborg, BET Specific Surface Area 7.8 m2/g), pure calcite 
with low organic surface carbon content (Merck, BET Specific Surface Area 0.22 m2/g) and kaolinite 
(Royal Copenhagen, BET Specific Surface Area 9.8 m2/g) by studying the adsorption of water vapour and 
ethanol vapour onto the surfaces of these materials. X-ray diffraction showed that the Aalborg chalk [3] 
contained 98.0% calcite, 0.5% kaolinite, 1% quartz and 0.5% opal-CT. Because quartz and opal-CT do 
not have high surface areas, they are not expected to significantly influence the adsorption properties and 
are thus excluded from this study. 
2.2. Vapour adsorption 
Vapour adsorption experiments were performed using Quantachrome Autosorb-1 Sorption Analyser 
using MilliQ water (resistivity larger than 18 MΩ) and absolute ethanol (99.5% purity, ≤ 0.1% water).  
Prior to vapour adsorption measurements, the samples were degassed for 24 hours at 150° C in 
vacuum (<10-3 torr.). Then the amount of adsorbate on the surface (surface excess, Г) was determined as 
function of the relative pressure of adsorbate vapour in the interval 1·10-3 ≤  P/P0 ≤ 0.8, where P0 is the 
vapour pressure of the adsorbate liquid at the temperature of the measurement. The analyses were made 
thermostatically at 0°, 15° and 20° C. 
For all chalk and kaolinite samples, the shape of the water and the ethanol vapour isotherms (Figure 
1a, b) can be described as Type II isotherms (physisorption) according to the BDDT classification [4], 
with infinite increase in adsorption at pressures close to the saturation pressure, P0. This means that 
adsorption proceeds to infinity at saturation and a macroscopically thick layer of full or partial coverage is 
formed on the solid surface. For ethanol adsorption, the picture is different. Already at very low 
pressures, calcite adsorbs a rather high amount of ethanol, which stays nearly constant over a wide 
pressure range before it finally rises steeply close to P0. This shows that the first layer of ethanol attaches 
strongly to the calcite surface while subsequent layers are more weakly bound – a situation that is better 
described as chemisorption (Type I isotherm) rather than physisorption. All chalk and kaolinite samples 
adsorb ethanol following typical Type II isotherms (Figure 1b). 
The different behaviour of chalk compared to calcite confirms that calcite is not the only component 
determining the adsorption properties of chalk. By a linear combination of adsorption isotherms for 
kaolinite and calcite, it is possible to obtain isotherms that closely mimic the chalk isotherms, as shown 
by Figure 1a, b. In the case of water vapour adsorption, the ratio of calcite to kaolinite isotherms required 
to reproduce the chalk isotherm is 60:40, while for ethanol adsorption it is 80:20. Even though X-ray 
diffraction only finds a minor clay content in the chalk sample investigated, these results show that the 
surface properties of chalk is very much influenced by this clay content.  This is in accordance with 
previous findings of thin clay lamellae decorating the chalk surface [1]. 
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Fig. 1. Adsorption isotherms at 293 K on the various mineral surfaces: a) water vapour; b) ethanol vapour.  
2.3. Isosteric heats of adsorption 
The isosteric heat of adsorption, Qst, was calculated from adsorption isosteres (the function relating 
equilibrium pressure to temperature at a constant amount of the substance adsorbed, Г) using the 
Clausius-Clapeyron equation:  
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where P is the equilibrium pressure of the adsorbate and T the absolute temperature. The subscript Γ 
indicates that the derivation operation must be carried out for a constant amount of adsorbed molecules on 
the surface.  
On Figure 2a, b, the isosteric energies for water and ethanol adsorption for the investigated surfaces 
are presented. The adsorption energy for ethanol on calcite drops from values larger than 100 kJ/mole at 
coverages corresponding to completion of the first adsorbed monolayer, while multilayers with weaker 
binding are observed for adsorption on kaolinite. The same pattern, though to a lesser extent, is seen for 
water vapour adsorption. This means that in a calcite-kaolinite system, ethanol adsorption is first favoured 
on the calcite surface, forming a strongly bound monolayer, and after that the kaolinite surfaces are 
occupied forming multilayers. In the case of water vapour, this tendency is not so clear-cut and 
multilayers of water can form both on the calcite and the kaolinite parts of the pore surfaces. 
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Fig. 2. Dependence of isosteric heat of adsorption on surface coverage: a) water; b) ethanol. 
 
3. Conclusions 
We found that pure calcite surfaces have a high affinity towards water and especially to polar organic 
molecules such as alcohols. Ethanol binds specifically to calcite with adsorption energies typical of 
chemisorption. The adsorption behaviour of natural chalk is significantly different from that pure calcite 
even though it consists of 98% calcite. Chalk, as well as kaolinite, bind water and alcohols with 
significantly lower energy than calcite. The adsorption isotherms for chalk can be, however, mimicked by 
linear combinations of adsorption isotherms of calcite and kaolinite. The obtained data showed that clay 
crystals located on chalk surface influence the adsorption properties of chalk and therefore play a 
significant role for the water/organics/chalk interfaces in oil reservoirs.  
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